The replica trick used in the renormalization group (RG) for the disordered spin systems is discussed. The recursion relations of RG are derived in a more generai situation in which the coupling constants can have arbitrary symmetry to the replica indices. It is shown that the random fixed point found by Luther, Grinstein and Lubensky is unstable. This instability implies that the replica symmetry should be broken in the RG for the disordered systems.
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The theories on the critical phenomena in the systems with bonds randomness or impurities have been controversial. Recent Monte Carlo simulations' and real space renormalization group results2 differ from the earlier prediction of re expansion.^-^ The method used for averaging the disorder in the work of the field theory is the so-called 'replica' t r i~k ,~ which is extensively adopted in disordered systems.* The replica method is a convenient way to average over the disorder, but it has a lot of unforeseen hazards.
Recently Dotsenko et al. ' showed that the replica symmetry can be broken in the phase transition in ferromagnetic systems. They showed that the random fixed point found by Lubensky and Grinstein et aL4 is unstable with respect to the replica symmetry breaking (RSB). However, they assumed that the replica symmetry is broken in Parisi ansatz.1° Although Parisi ansatz is a well-known RSB way it is not the only way, and in the present problem the RSB is not necessarily in Parisi ansatz.
In this letter we study the replica trick in the renormalization group (RG) for the disordered spin systems in the way different from that of Dotsenko et al.' Our method is independent of any specific ansatz of RSB and is based on the general consideration of the replica symmetry. We show that the random fixed point found in Refs. 3 and 4 is unstable. That is to say, the instability of the random is independent of the way of RSB.
In Refs. 3-6 the replica symmetry was assumed. We now consider a more general situation in which the coupling constants have arbitrary symmetry with respect to the permutation of the replica indices. The recursion relations are derived. Our method to diagonalize the recursion relations about the fixed points is similar to that used by Almeida et al." for finding the instability in the replica symmetric solution of the mean field theory for the spin glasses. It is shown that some fixed points which are stable under the constraint of the replica symmetry are unstable in such a general sense, This shows that the replica symmetry should be broken in this kind of problems. 
where a, b = 0 , 1 , 2 , . . . , n. The averaged free energy is obtained by taking n + 0 in the final result.8 IKI the initial Hamiltonian the coupling constants are given by
This defines the starting values of the parameters, which of course are replica symmetric.
This effective Hamiltonian is translationally invariant and one can apply some RG method dire(-tly to it, for instance E-expansion, where E = 4 -d. In this paper we discuss the cases of d < 4 and in the following E > 0 is implied.
The replica symmetry, which was assumed in previous works . means:
This is a strong constraint to the coupling constants. There is no strong reason to guarantee this constraint in the iterated RG transformations. We now consider a more general situation where the 'renormalized parameter' 2.'ab have an arbitrary symmetry with respect to the group of replica permutation. We write
Using E-expansion we obtain the recursion relations to the order of o ( c 2 ) in the usual way where I is the logarithm of RG length-rescaling factor. The momentum is scaled so that c = 1 and the momentum cutoff is taken to be unity. The factor ~d / ( 2 7 r )~ (sd is the surface area of a unit d-dimensional sphere ) is absorbed into a redefinition of V a b . If nab is replica symmetric,
i. e., ?Jab 3 WO, these equations will reduce to those for the short-range disorder cases.'
As one can see in Eq.(7), r should have indices a in the general cases. There are two reasons that allow us to ignore the dependence of T on the indices in the present discussion. First the fixed points we will discuss are replica symmetric. Secondly, about the fixed points whose positions are of the order O ( E ) the contribution of Sr to d6Vab/dl is of the order of o ( E~) and we are interested only in the stability in the subspace Vab. In the discussion of these fixed points to the order .(E) Sr can be neglected
To distinguish the diagonal elements from the nondiagonal ones b # a is implied throughout.
w e keep the symmetry Vab = Vba. The number of the independent dynamic parameters is n(n + 1)/2. As usual we linearize the recursion relations about a fixed point and diagonalize them.
For the following discussion we give the positions of the two fixed points found in the previous work.6 In Ref. The order of the matrix is n(n + 1)/2, which is the number of linearly independent eigenvectors to be found. We do not know how to diagonalize G for a fixed point with arbitrary replica symmetry. However for the fixed points with replica symmetry, the matrix G is highly symmetric. Following Almeida et al. '' we consider the symmetry of the matrix and can find the complete set of its eigenvectors and eigenvalues. There are five distinct eigenvalues. The eigenvectors that are symmetric under interchange of indices give eigenvalues, in the limit of n -+ 0,
Substituting Eqs. (8) and (9) into the above equation yields the same eigenvalues for U , .U in the previous work,6 in which the replica symmetry was assumed. It is natural since the eigenvector is symmetric and this is equivalent to the constraint equation (5) .
Eigenvectors that are symmetric under interchange of all but one of the indices give two eigenvalues for general n, and for n = 0 these eigenvalues reduce to Eq. (11). If these modes are unstable, then they will destroy the symmetry V,, 3 V.
Finally there are eigenvectors symmetric under interchange of all but two of the indices and they give rise to the eigenvalue X = S -2 T .
( 1 2 ) These eigenvectors are not included in the previous work^.^-^ The constraint equation ( 5 ) causes them to be absent. As in the spinglass we call these eigenvectors replicon modes since only the components of them in the directions of nondiagonal elements of Vab are nonzero.
Substituting Eqs. (8) and (9) into Eq. (12), one can simply get, for the pure fixed point ,
As m > 4, these replicon modes are stable. That is to say, the pure fixed point is still stable for m > 4. For the random fixed point, we have As m < 4, the replicon modes are unstable. That means the random fixed point is unstable even for m < 4. Therefore there is no stable fixed point for m < 4 if only the replica symmetry solutions are considered ! This implies that the replica symmetry must be broken. This kind of instability can be called RSB instability.
In summary we have analyzed the stability of the fixed points found previously. The recursion relations are derived in more general cases in which the coupling constants ?Jab have an arbitrary symmetry to the replica indices. The method we use to diagonalize the recursion relations about a fixed point is based on the Consideration of the symmetry, not on any specific argument, and there is no problem in continuation n -+ 0. The instability of the random fixed point shows that the replica symmetry must be broken in the RG.
The 'replica trick+RG' has been used in many other disordered spin systems.' We expect that there should exist similar instabilities in certain cases. This waits for further works.
